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FOREWORD 

This  report  Is  based  on  actual  radar  cross  section  measurements 
and  antenna  pattern  measurements  made  at  the  Armament  Development  and 
Test  Centers'  Radar  Target  Scatter  Division  (RAT  SCAT)  of  the  6585th 
Test  Group.  RAT  SCAT  is  located  on  the  Alkali  Flats,  Holloman  Air  Force 
Base,  New  Mexico.  This  Facility  is  operated  and  maintained  by  Dynalectron 
Corporation,  Radar  Backscatter  Division,  under  contract  F29601-77-C-0001 
and  is  under  the  specific  direction  of  the  6585th  Test  Group.  The  AF 
Project  Officer  is  Paul  Beavers. 


Questions  pertaining  to  the  method  of  test  may  be  addressed  to  the 
attention  of  the  6585th  Test  Group  (RX).  Requests  for  release  of  this 
document  or  related  test  data  must  be  referred  to  the  Armament  Development 
and  Test  Center  (ADTC/SD102) . Eglin  Air  Force  Base,  Florida. 

This  technical  report  has  been  reviewed  and  is  approved. 


CARL  D.  TOWERY Maj,  USAF 
Chief,  Test  Operations  Branch 
Radar  Target  Scatter  Division 
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ABSTRACT 

Data  were  acquired  to  define  the  I-band  radar  cross  section  and 
glint  characteristics  of  the  Improved  BQM-34A  CAS  (target  drone  equipped 
with  Collocated  active  radar  Augmentation  Scoring  System).  Monostatic 
and  bi static  radar  measurements  were  made  on  a flight  worthy  BQM-34A 
at  the  Radar  Target  Scatter  Division  (RAT  SCAT),  6585th  Test  Group, 
Holloman  Air  Force  Base,  New  Mexico,  for  the  Armament  Development  and 
Test  Center  (ADTC/SD102),  Eglin  Air  Force  Base,  Florida. 

This  report  provides  a summary  of  the  measurement  conditions  and 
reproductions  of  test  plots  obtained.  Also  included  are  reproductions 
of  the  antenna  gain  patterns  associated  with  the  digidops  scoring  system 
used  with  the  BQM-34A  target  system. 
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SECTION  I 
INTRODUCTION 

The  BQM-34A  target  drone  has  been  used  for  a number  of  years  as  a 
target  for  test  and  evaluation  of  air-to-air  and  ground-to-air  weapons 
systems.  The  radar  cross  section  (RCS)  of  the  vehicle  is  determined  by 
its  basic  structural  configuration,  but  is  not  always  suitable  on  the 
basis  of  target  size. 

In  order  to  use  the  BQM-34A  vehicle  as  an  adequate  target  for 
modern  airborne  weapons  systems,  the  radar  cross  section  must  be  en- 
hanced. This  can  be  accomplished  by  the  use  of  a radar  augmenter  to  pro- 
duce RCS  values  equal  to,  or  exceeding,  those  of  a larger  vehicle. 

This  program  consists  of  three  phases:  (1)  development  and  testing 
of  an  improved  augmentation  system  in  brassboard  form  at  RAT  SCAT; 

(2)  development  of  an  ultrasonic  scale  model  antenna  gain  pattern  measure- 
ment technique  by  the  University  of  Houston;  and  (3)  verification  of  the 
production  augmentation  system  performance  in  final  flight  configuration 
at  RAT  SCAT. 

This  report  describes  the  verification  testing  of  the  production 
augmentation  system  in  final  flight  configuration  at  RAT  SCAT. 
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The  purpose  of  this  program  was  verification  testing  of  the  pro- 
duction augmentation  system  in  final  flight  configuration.  Specifically, 
the  augmentation  system  performance  was  to  conform  to  the  following  RCS 
performance  specifications: 

1)  With  the  right  or  left  forward  augmentation  transmitting 


antenna  in  operation,  augmentation  should  occur  at  a minimum 


level  of  30  square  meters  (14.8  dbsm)  throughout  a geometrical 


envelope  described  by  a 30  degree  half  cone,  starboard  or  port 


of  the  vehicle  nose. 

2)  With  the  right  or  left  aft  augmentation  transmitting  antenna 
in  operation,  augmentation  should  occur  at  a minimum  level  of 
IS  square  meters  (11.8  dbsm)  throughout  a geometrical  envelope 
described  by  a 70  degree  half  cone,  starboard  or  port  of  the 
tail  of  the  vehicle. 

In  addition,  antenna  gain  patterns  of  the  digidops  scoring  system 
antennas  and  some  glint  data  from  the  augmentation  system  were  obtained. 
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SECTION  III 
TEST  CONDITIONS 

Description  of  Target  Vehicle 

The  vehicle  used  as  a test  target  on  this  project  was  a BQM-34A 
target  drone.  Its  physical  characteristics  are:  length,  22  feet,  11 
inches;  wing  span,  12  feet,  11  inches;  overall  height,  6 feet,  8 inches. 
This  particular  target  drone  was  equipped  with  a radar  augmentation 
system  and  a digidops  miss-distance  scoring  system. 

The  BQM-34A  augmentation  system  was  developed  under  the  direction 
of  the  Armament  Development  and  Test  Center  (ADTC/SD102) , Eglir.  AFB, 
Florida.  The  system  tested  was  the  Hayes  AXA-l/KAI-2,  Collocated  Aug- 
mentation Scoring  System  (CAS).  The  basic  system  configuration  and 
block  diagrams  have  been  previously  covered  in  Volume  I. 


With  the  appropriate  selection  of  coaxial  switch  positions,  the  aug- 
mentation system  can  he  remotely  operated  in  four  distinct  configurations 
The  fifth  and  sixth  configurations  were  achieved  as  a ground  changeable 
option  by  replacing  the  coaxial  switch  in  the  drone  equipment  bay  with  a 
3-db  power  splitter.  Identification  of  the  six  configurations  is  listed 
below: 


Configuration  No.  1 
Configuration  Mo.  2 
Configuration  No.  3 
Configuration  No.  4 
Configuration  No.  5 

Configuration  No.  6 


Forward  Receive,  Right  Forward  Transmit 

Forward  Receive,  Left  Forward  Transmit 

Aft  Receive,  Left  Aft  Transmit 

Aft  Receive,  Right  Aft  Transmit 

Forward  Receive,  Right  and  Left  Forward 
Transmi t 

Aft  Receive,  Right  and  Left  Aft  Transmit. 


The  BQM-34A  vehicle  also  contains  a digidops  scoring  system  used 
during  flight  tests  to  measure  missi le-to-target  miss-distance  on  each 
mission.  The  interconnect  diagram  used  for  antenna  pattern  measurements 
of  the  digidops  system  is  shown  in  Figure  No.  1. 


Radar  Augmentation  System 

The  purpose  of  an  augmentation  system  is  to  enhance  the  radar  cross- 
section  of  a target  by  amplifying  and  re-transmitting  radar  signals 
incident  on  the  target.  The  radar  signals  are  collected  by  the  receive 
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antenna  selected  and  then  fed  through  a high  pass  bana-pass  filter  to 
the  input  of  the  TWT  amplifier  assembly.  The  amplified  signals  are  then 
routed  to  the  appropriate  transmitting  antenna  or  antennas  for  retrans- 
mission of  the  augmented  radar  signals. 

Range  Configuration 

1 . Monostatic  RCS  Measurements 

Data  measurement  was  achieved  with  a long-pulse  radar  system  operat- 
ing on  a ground  plane  range.  Sections  1 and  2 of  Appendix  A and  Table 
A-l  of  Appendix  A summarize  the  characteristics  of  RAT  SCAT  facilities 
and  equipment. 

A target  being  measured  on  a ground  plane  range  is  in  an  electro- 
magnetic field  that  is  the  vector  sum  of: 

1)  The  wave  energy  that  travels  directly  from  antenna  to  target. 

2)  The  wave  energy  reflected  from  the  surface  of  the  earth. 

The  vector  sum  produces  an  interference  pattern  at  the  target. 

The  height  of  the  radar  antenna  above  ground  (Ha)  is  adjusted  so  that 
the  target  is  located  in  the  first  lobe  of  the  interference  pattern  at 
a height  (Ht)  described  by  the  equation: 


where  X.  is  the  wavelength,  and  R is  the  range  length. 

In  order  to  obtain  accurate  RCS  measurements,  the  following  steps 
are  required: 

1)  Adjust  the  antenna  height  and  antenna  pointing  direction  for 
best  field  uniformity  across  the  volume  occupied  by  the  target. 

2)  Tilt  the  azimuth  turntable  so  the  target  rotates  in  the  plane 
of  the  antenna  beam. 

3)  Minimize  reflections  from  target  supports,  tie-downs  and  turn- 
table. 

4)  Calibrate  the  range  at  the  measurement  frequency  and  required 
polarizations. 
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Background  measurements  were  made  of  columns  135A  and  135AA  in  both 
vertical  and  horizontal  polarizations  to  confirm  minimum  interference 
from  the  target  support  columns  during  monostatic  RCS  measurements. 
Representative  background  levels  obtained  are  shown  as  Runs  Nos.  7 and 
8 in  the  Data  Plot  Index. 

2.  Bistatic  RCS  Measurements 


Ten  degree  and  20  degree  bistatic  RCS  measurements  were  set  up  in 
accordance  with  the  foregoing  monostatic  measurement  techniques,  with 
one  major  exception;  the  receiver  and  transmitting  radar  antennas  were 
separated  from  each  other  by  the  bi static  angle  (10  degrees  or  20  degrees 
as  applicable)  as  illustrated  in  Figure  No.  2. 

The  correlation  of  the  bistatic  data  with  the  pit  turntable  azimuth 
is  as  follows: 

1)  For  10  degree  bistatic  data  at  a given  target  azimuth,  the 
receiving  antenna  LOS  (line  of  sight)  angle  is  +5  degrees  in 
the  direction  of  turntable  rotation  from  the  target  azimuth, 
and  the  transmitting  antenna  LOS  angle  is  -5  degrees  (in  a 
direction  opposite  to  turntable  rotation)  from  the  target 
azimuth.  (See  Figure  No.  2.)  Normal  turntable  direction  of 
rotation  is  clockwise  looking  down  on  the  pit.  Turntable 
azimuths  corresponding  to  this  direction  of  rotation  are 
angles  decreasing  from  360  degrees  to  zero  degrees. 

2)  Similarly,  for  20  degree  bistatic  data  at  a given  target 
azimuth,  the  receiving  antenna  LOS  angle  is  +10  degrees  in  the 
direction  of  turntable  rotation  from  the  target  azimuth,  and 
the  transmitting  antenna  LOS  angle  is  -10  degrees  (in  a direc- 
tion opposite  to  turntable  rotation)  from  the  target  azimuth. 

Background  measurements  were  made  of  columns  135A  and  135AA  in  both 
vertical  and  horizontal  polarizations  to  confirm  minimum  interference 
for  bi static  RCS  measurements  also.  Representative  background  levels 
for  10  degree  and  20  degree  bistatic  angles  are  shown  as  Runs  Nos.  1002, 
1003,  2014  and  2015  in  the  Data  Plot  Index. 

The  9.0  and  10.1  GHz  cross  section  measurement  systems  were  operated 
with  a transmitter  pulse  width  of  0.5  microseconds,  a range  gate  width 
of  0.2  microseconds,  and  a pulse  repetition  frequency  of  1 KHz. 

The  cross  section  measurement  system  was  calibrated  using  the  broad- 
side specular  values  of  precision  metal  cylinders.  The  isotropic  gain 
reference  level  for  the  digidops  antenna  patterns  was  provided  by  a 
Scientific  Atlanta  Model  12-1.7  standard  gain  horn.  Section  3 of 
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Figure  2 


Bistatic  Angle  Definition 
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Appendix  A describes  how  RCS  patterns  are  calibrated  against  a precision 
primary  standard  by  making  use  of  a secondary  target  as  a transfer 
standard. 

3.  G1 int  Measurements 


RAT  SCAT  glint  measurement  procedures  are  described  in  Appendix  D. 
The  antenna  base  line  length  (S)  was  51.5  inches  for  the  system  used, 
and  the  range  (R)  was  2,458  feet.  For  glint  calibration,  a 26.6  inch 
diameter  precision  sphere  was  mounted  on  a column  on  the  pit  and  offset 
a known  distance  (D)  from  the  pit  center.  From  these  known  parameters, 
the  equation  on  Page  0-2  was  then  used  to  determine  and  set  the  number 
of  degrees  of  displacement  of  the  pen  on  the  rectilinear  plot  paper. 

The  center  of  the  plot  paper,  or  180  degrees,  represents  the  pit  center, 
or  zero  feet  cross  range  displacement.  Movement  of  the  test  sphere  to 
the  left  of  pit  center  (viewed  from  the  radar)  results  in  decreasing 
glint  phase  angle  in  degrees.  Conversely,  movement  of  the  test  sphere 
to  the  right  of  pit  center  (viewed  from  radar)  results  in  increasing 
glint  phase  angle  degrees.  Figure  3 illustrates  the  glint  measurement 
geometry  for  this  program. 

Background  measurements  were  made  of  Columns  135A  and  135AA  in  both 
vertical  and  horizontal  polarizations  to  confirm  minimum  interference 
for  monostatic  RCS  measurements  which  were  taken  simultaneously  with 
glint  data  at  a frequency  of  10.1  GHz.  Representative  background  levels 
obtained  are  shown  as  Runs  Nos.  6005  and  6006. 
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SECTION  IV 

PROCEDURE  AND  RESULTS 


The  measurement  program  was  comprised  of  the  following  chronological 
steps: 

(a)  Monostatic  RCS  measurements  were  made  at  a frequency  of  9.0  GHz 
of  the  target  vehicle  with  and  without  radar  augmentation  in 
configurations  1 through  6,  and  in  both  vertical  and  horizontal 
polarizations.  Data  were  obtained  at  target  attitudes  of: 


Pitch  (degrees) 


Roll  (degrees) 


0 

0 

0 

0 

+5 

+10 

+15 

+20 

-20 


0 

70 

20 

45 

0 

0 

0 

0 

0 


Figures  4 through  7 show  the  target  mounted  on  the  pit  at  repre- 
sentative attitudes  for  testing. 

(b)  Both  10  and  20  degree  bistatic  RCS  measurements  were  made  at 
a frequency  of  9.0  GHz  of  the  target  vehicle  with  and  without 
radar  augmentation  in  configurations  1 through  6,  and  in  both 
vertical  and  horizontal  polarizations.  All  data  were  taken  at 
a target  attitude  of  0 degrees  pitch,  0 degrees  roll. 

(c)  Antenna  gain  patterns  were  acquired  on  the  T-slot  digidops 
scoring  system  antennas  at  a frequency  of  1775  MHz  using 
vertical  and  horizontal  polarizations. 


(d)  Glint  and  simultaneous  monostatic  RCS  measurements  were  ac- 
complished at  a frequency  of  10.1  GHz. 

These  measurement  steps  are  described  in  greater  detail  in  the 
following  paragraphs. 

Monostatic  RCS  Measurements 


Referring  to  the  Monostatic  RCS  portion  of  the  Data  Plot  Index,  it 
will  be  seen  that  (except  for  the  background  plots)  there  are  three  data 
presentations  for  each  run.  These  are  rectilinear  raw  data  plots, 
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Target  Mounted  at  0°  Pitch  70°  Roll  (Top  View) 


Fioure  5 
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Target  Mounted  at  0°  Pitch  70°  Roll  (Bottom  View) 


Figure  6 
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median  plots  made  from  raw  taped  data  and  polar  plots.  The  Run  No.  for 
the  median  data  contains  the  suffix  "M"  and  the  polar  plots  the  suffix 

Up  II 

During  test  runs,  the  AGC  voltage  of  the  augmentation  system  was 
monitored.  At  the  customer's  direction,  attenuation  was  inserted  in  the 
test  radar  transmitter  output  to  keep  this  AGC  voltage  within  specified 
limits  (less  than  +1.0  volt).  This  insured  that  the  TWT  amplifier  in  the 
augmentation  system  was  not  operating  in  the  saturation  area  of  the  tube. 
The  amount  of  attenuation  inserted  is  listed  on  the  individual  data  plot 
title  block. 

Referring  to  Section  II  (performance  specifications  for  the  augmen- 
tation system)  and  the  monostatic  RCS  data  plots,  the  data  suggests 
generally  that  forward  radar  augmentation  performance  meets  the  require- 
ments put  upon  it.  Data  would  seem  to  indicate  that  aft  coverage  is 
marginal  on  output  levels  but  exceeds  specifications  on  angle  of  cover- 
age; however,  it  should  be  pointed  out  that  the  TWT  specifications  allow 
for  +72  dB  gain,  but  for  these  tests  the  gain  was  set  to  +68  dB  by  Hayes 
personnel.  It  would  seem,  based  on  this  fact,  that  the  system  gain 
could  be  set  to  obtain  the  specified  output  for  aft  antenna  output. 

The  monostatic  RCS  data  are  shown  as  Runs  with  numbers  less  than 
500  in  the  Data  Plot  Index. 

Ten  Degree  and  20  Degree  Bi static  RCS  Measurements 

The  bistatic  plots,  in  general,  indicate  augmentation  operation  at 
10  and  20  degree  bistatic  angles  generated  RCS  levels  equal  to  or  greater 
than  the  RCS  values  of  comparable  monostatic  values.  The  drone  RCS  without 
augmentation  was  generally  less  at  the  bistatic  angles  as  compared  to  the 
monostatic  values. 

It  should  be  remembered  when  comparing  monostatic  and  bistatic  data 
plots  that,  although  the  speculars,  etc.  occur  at  similar  target  azimuth 
angles  on  the  plots,  the  target  azimuth  is  actually  beyond  the  radar 
transmitter  LOS  azimuth  angle  (in  direction  of  pit  turntable  rotation) 
by  one-half  the  bi static  angle  in  degrees,  and  before  the  radar  receiver 
LOS  azimuth  angle  (in  direction  opposite  to  pit  turntable  rotation)  by 
one-half  the  bistatic  angle  in  degrees  (as  illustrated  in  Figure  No.  2). 

These  data  plots  (monostatic  and  bistatic  RCS  data)  give  some  Indi- 
cation of  the  directivity  of  the  augmentation  system  scattering. 

The  bistatic  RCS  data  are  listed  In  the  Data  Plot  Index.  Run  Nos. 

In  the  1000  series  correspond  to  10  degree  bistatic  angle,  and  the  2000 
series  correspond  to  the  20  degree  bi static  angle. 
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Diqidops  Antenna  Gain  Patterns 

Measurements  of  the  gain  patterns  of  the  T-slot  digidops  scoring 
system  antennas  were  performed  at  a frequency  of  1775  MHz  using  horizontal 
and  vertical  polarizations.  Data  were  acquired  with  pitch  angle  held  at 
zero  degrees  and  at  roll  angles  of  0,  20,  45  and  70  degrees.  Data  were 
also  acquired  with  roll  angle  at  zero  degrees  and  a pitch  angle  of  +20 
degrees.  The  patterns  were  calibrated  with  a standard  gain  horn  and 
are  referenced  to  its  isotropic  (dBi)  level. 

It  should  be  noted  from  Figure  .No.  1 that  a power  splitter  is  used 
for  interconnecting  right  and  left  antennas  for  simultaneous  transmission. 
For  switching  convenience  one  port  is  terminated  in  a 50  ohm  load  for 
single  antenna  transmission.  This  means  that  all  single  antenna  pattern 
data  points  are  3 dB  low. 

Antenna  pattern  coverage  appears  to  be  good.  Vertical  and  hori- 
zontal polarization  patterns  are  quite  similar  at  a target  attitude  of 
0 degree  roll,  0 degree  pitch,  but  become  quite  dissimilar  in  magnitude 
at  higher  target  roll  angles. 

The  digidops  antenna  patterns  are  shown  as  Runs  500  through  518  in 
the  Data  Plot  Index.  Polar  plots  only  were  provided  for  these  data. 

Glint  Measurements 

The  glint  data  requirement  was  added  to  the  program  and  was  accom- 
plished at  a frequency  of  10.1  GHz.  Monostatic  RCS  data  were  taken  also, 
primarily  as  an  aid  to  range  personnel  while  gathering  glint  data.  These 
data  are  also  included,  although  they  are  somewhat  redundant  to  already- 
described  monostatic  RCS  data. 

The  most  significant  observation  to  be  made  from  the  glint  data  is 
the  intense  glint  activity  during  augmentation  operation,  which  would 
seem  to  aid  target  survival  against  unsophisticated  radar  guided  attacks 
on  it. 

All  glint  data  were  taken  at  0.01  degree  azimuth  increments,  whereas 
all  other  data  for  this  project  were  taken  at  0.1  degree  azimuth  increments. 

The  glint  data  are  shown  as  Runs  with  6000  series  numbers  on  the 
Data  Plot  Index. 

The  glint  plots  have  a "G"  following  the  run  number  on  the  indivi- 
dual data  blocks  to  help  distinguish  them  from  the  monostatic  RCS  plots 
with  the  same  run  number. 
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The  glint  plots  are  in  glint  phase  degrees  versus  target  azimuth  in 
degrees.  The  conversion  to  apparent  feet  displacement  of  the  target 
from  pit  center  (and  180  degrees  on  the  plots)  is  0.2  foot  per  degree 
of  glint.  As  previously  explained,  glint  phase  angles  less  than  180 
degrees  represent  apparent  displacement  to  the  left  of  pit  center  (viewed 
from  radar)  and  angles  greater  than  180  degrees  represent  displacement 
to  the  right  of  pit  center. 
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APPENDIX  A 
SITE  INTRODUCTION 

1 . GENERAL 

RAT  SCAT  is  a static  ground  plane  radar  cross  section  measure- 
ment site  located  on  the  Alkali  Flats  near  Holloman  Air  Force  Base,  New 
Mexico.  It  is  authorized  by  the  DoD  for  use  by  governmental  agencies. 
It  is  under  the  auspices  of  the  6585th  Test  Group,  Armament  Development 
Test  Center,  Eglin  Air  Force  Base,  Florida. 

A ground  plane  range  utilizes  radar  energy  reflected  from  the 
earth  as  well  as  radar  energy  traveling  directlv  to  the  target  through 
the  atmosphere.  When  the  antennas  and  target  are  adjusted  to  proper 
heights,  coherent  phase  addition  of  these  electromagnetic  waves  into  a 
flat  wave  froi.t  enhances  the  system  sensitivity.  Radar  returns  from 
objects  near  the  earth's  surface  are  reduced  thus  suppressing  target 
area  interference.  Target  area  interference  is  reduced  further  through 
the  use  of  special  polyfoam  support  columns,  radar  absorptive  materials 
(RAM),  and  rotators  located  below  the  earth's  surface  (in  pits). 

Pulsed  transmitters  are  employed  to  enable  utilization  of  the 
range  gated  receiving  system,  which  can  selectively  measure  radar  re- 
turns from  the  target  area  or  the  range  displaced  transfer  standard. 
Background  interference  outside  the  target  range  is  eliminated  by  range 
gating.  Operation  without  background  cancellation  is  therefore 
practical . 

2.  CAPABILITIES 

The  RAT  SCAT  electronic  equipment  and  controls  are  housed  in  a 
permanent  building.  Five  separate  range  lengths  (458  feet,  1150  feet, 
1158  feet,  2458  feet  and  5600  feet)  are  provided  for  range  variation  as 
shown  in  Figure  A-l.  This  allows  the  use  of  convenient  antenna  and 
target  heights  while  satisfying  the  far  field  criterion  for  most 
targets.  Special  40-foot  antenna  towers  are  attached  to  the  building 
for  antenna  height  positioning.  Further  versatility  is  provided  by 
two  mobile  equipment  vans,  one  for  monostatic  range  length  variation 
and  one  for  hi  static  measurements.  A summary  of  the  RAT  SCAT 
characteristics  is  contained  in  Table  A-l. 

3.  CALIBRATION 

The  normal  method  of  calibration  at  RAT  SCAT  is  to  mount  a primary- 
standard  (precision  sphere)  scatterer  with  a known  radar  cross  section 
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TABLE  A-l 

RAT  SCAT  CHARACTERISTICS  OF  ELECTRONIC  EQUIPMENT 


Power  Output 

1 KW  nominal  bands  1 through  8,  Special 
frequency  bands,  50  to  120  KW. 

Pulse  Width 

0.1  to  1.0  microsecond 

Pulse  Repetition  Frequency 

500  to  50,000  pps 

Receiver  Minimum 

Detectable  Signal 

-94  dBm  nominal  (-101  for  2 MHz  IF 
amplifier) 

Receiver  Bandwidth 

2 or  10  MHz  (selectable) 

Range  Gate  Width 

0.1  to  1.0  microsecond  (50  to  500  feet) 

Dynamic  Range 

70  dB 

Linearity 

+0.5  dB 

Equipment  Stability 

0.1  dB  per  hour  (average) 

Analog  Data  Format 

Polar  and  rectilinear  plots  of  cross 
section,  glint  and  phase  vs.  aspect  angle 

Digital  Data  Format 

7 or  9 track  magnetic  (see  Appendix  C) 

Antennas 

1,  2,  3,  4,  5,  6,  8,  10  and  16  foot 
parabolic  dishes  (smaller  and  larger 
dishes  available  for  special  tests) 

Antenna  Feeds 

Linear  and  circular  horns  with  VSWR  less 
than  2.0  to  1.0 

Polarization 

Horizontal,  vertical,  circular,  ellip- 
tical in  any  transmitting  and  receiving 
configuration,  and  continuously  vari- 
able polarization,  by  special  arrange- 
ment . 
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TABLE  A-l  (cont'd) 


Azimuth  Resolution  0.1  or  0.01  degree  as  applicable 

Frequency  Coverage  100  to  20,000  MHz  continuous,  24,  35, 

52  and  95  GHz 


Band  0 - 50  to  100  MHz 
Band  1 - 100  to  250  MHz 
Band  2 - 250  to  500  MHz 
Band  3 - 500  to  1000  MHz 
Band  4 - 1000  to  2C00  MHz 
Band  5 - 2000  to  4000  MHz 
Band  6 - 4000  to  8000  MHz 
Band  7 - 8000  to  12,000  MHz 
Band  8 - 12,000  to  20,000  MHz 
24  GHz 
35  GHz 
52  GHz 
95  GHz 


ami  record  the  corresponding  signal  level.  Then  the  return  from  an- 
other secondary  standard  (corner  or  Luneberg  lens)  scatterer  displaced 
in  range  is  recorded  as  a transfer  standard.  Both  the  precision  stand- 
ard return  and  the  transfer  standard  return  are  recorded  on  the  same 
plot.  Thereafter,  radar  cross  section  calibration  is  determined  by 
referencing  the  transfer  standard  return  for  every  run.  Thus  every 
run  is  recalibrated.  The  comparisons  of  primary  and  transfer  standards 
accomplished  before  and  after  each  measurement  series  are  identified 
respectively  as  pre-calibration  and  post-calibration.  If  the  direct 
ratio  of  primary  to  secondary  readings  is  not  maintained  before  and 
after  the  measurement  series,  then  all  runs  between  are  invalid  and 
must  be  repeated. 

The  calibration  reference  level  marked  on  each  data  plot  is  re- 
lated to  the  transfer  standard  level.  This  reference  level  may  under 
controlled  conditions  differ  from  the  actual  transfer  standard  signal 
level  since  precision  calibrated  attenuation  is  sometimes  inserted  in 
the  receiver  line.  When  such  attenuation  is  inserted,  returns  from 
the  transfer  standard  are  reduced  to  a level  compatible  with  the  scale 
used  for  the  target  measurements.  The  70  dB  dynamic  range  of  the  plot 
is  placed  to  include  the  range  of  returns  expected  from  the  vehicle 
being  measured.  In  some  cases,  two  runs  are  necessary  to  be  plotted 
for  direct  overlay  to  include  the  dynamic  range  of  the  vehicle  if  it 
exceeds  70  dB.  Calibration  plots  are  included  with  the  target  data 
when  requested  by  the  user. 

In  general,  the  background  return  is  the  vector  sum  of  several 
scattering  sources.  These  include  support  columns,  transitions,  pit 
openings  and  other  obstacles  located  in  the  vicinity  of  the  target. 

When  the  presence  of  the  target  does  not  appreciably  alter  the  back- 
ground return  it  is  possible  to  obtain  estimates  of  background  induced 
errors.  If  the  true  target  cross  section  is  denoted  by  cry  (square 
meters),  background  by  crg(  and  the  total  measured  cross  section  by  crjq, 
then  as  a function  of  azimuth  angle 

aM  = <^7  + * 2 V7  aB  cos  4>  A-l 

In  the  above  equation  <p  is  the  relative  phase  angle  between  target  and 
background  returns.  Depending  on  the  phase  angle,  the  magnitude  o f crM 
can  vary  between  two  extremes  determined  by  whether  the  two  signals  are 
in-phase  or  out-of-phase  (cos  <£  = +1).  These  two  values  of  cfy  re- 
present the  maximum  upper  and  minimum  lower  bounds  on  the  possible 
variations  of  the  total  measured  signal.  From  Equation  A-l, 

^MCmax)  ’ °T  * * 2 V^T  °B  " T * )2 

A -2 

aM(min)  * °T  * °B  ' 2 ^ °T  * ( ^<7  ' V“  ^ 
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The  maximum  possible  errors  corresponding  to  the  values  of  cr^  in 
Equation  A-2  can  re  expressed  in  decibels  as: 

^(max)  , , 2 

10  Lofi10  aT  = 10  L°S10  ♦ V*B  3 /crT 

A-3 

10  Log^  - 10  Log1()  V^e  )?  /<>> 

Graphs  corresponding  to  these  maximum  error  equations  are  shown  in 
Figure  A-2. 

An  estimate  of  the  expected  value  of  crM  can  be  derived  statistically 
by  utilizing  the  "random  phase"  approach.  This  method  yields  an  average 
value  of  o’M  between  the  two  maximum  error  curves.  In  this  case 

°M(av)  " (crT  * °B  ) A-4 

and  the  corresponding  error  in  decibels  is  given  by: 

10  Log10  ^~V~~  “ 10  l°810  (°t  + V 1 ^t  A'5 

This  average  error  equation  is  shown  graphically  in  Figure  A-2. 

The  sphere  calibration  plots  will  not  necessarily  be  straight  lines. 
If  the  background  return  is  within  20  dB  of  the  sphere  return,  for  ex- 
ample, a variation  in  sphere  return  of  approximately  ^1  dB  can  result. 

For  calibration  the  sphere  is  intentionally  placed  at  least  1/2  wavelength 
off  the  center  of  table  rotation  to  insure  sufficient  phasing  with  the 
background  return.  The  average  sphere  return  is  then  chosen  for  a cali- 
bration level. 


4.  OPERATING  PROCEDURES 

The  following  step-by-step  procedure  is  standard  in  obtaining  mono- 
static radar  cross  section  measurements  after  frequency,  feeds,  antennas, 
antenna  height,  target  height,  ahd  pit  (range  length)  have  been  chosen: 

1.  Calibration  - As  described  in  previous  section. 

2.  Horizontal  and  vertical  probes  (field  strength  measurements 
at  the  target  area)  - Horizontal  probes  at  the  target  area 


Figure  A-2  Radar  Cross  Section  Measurement  Error  as  a 

Function  of  Target  to  Background  Cross  Section  Ratio. 
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have  been  shown  to  be  redundant  for  azimuthal  boresighting. 

For  this  reason,  these  probes  are  taken  only  upon  request 
for  examination  of  near  field  effects. 

Vertical  probes  are  taken  at  the  target  area  to  determine  power  varia- 
tion as  a function  of  target  height.  If  necessary,  antenna  height  is 
varied  to  obtain  an  acceptable  vertical  probe  which  then  necessitates  a 
new  calibration. 

3.  Background  - The  background  level  with  the  target  mount  in 
place  is  measured  in  each  polarization  to  be  used. 

4.  Measurement  - The  measurement  is  made  with  the  vehicle  in 
the  position  previously  occupied  by  the  primary  standard. 

5.  Calibration  - The  primary  calibration  is  repeated  to  verify 
calibration  (post-calibration). 
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Al’Pf.NDIX  B 

TARGET  ORIENTATION  AND  DATA  FORMAT 


1.  COORDINATE  SYSTEM 

The  coordinate  system  described  herein  has  been  adopted  as  a 
standaro  for  RAT  SCAT  operations.  The  system  is  referenced  both  to 
the  vehicle  being  measured  and  to  the  measurement  site. 

a.  Vehicle  Reference 

A three-axis  system,  referenced  to  an  arbitrary  vehicle,  is 
illustrated  in  Figure  B-l.  In  this  system  three  mutually  perpendicular 
planes  (yaw,  pitch,  and  roll)  are  passed  through  the  vehicle  so  that  the 
pitch  and  yaw  planes  mutually  intersect  on  the  longitudinal  axis  of  the 
vehicle.  These  planes  remain  fixed  with  respect  tc  the  vehicle,  regard- 
less of  vehicle  rotation  with  respect  to  the  radar  or  ground  plane.  The 
yaw  plane,  which  includes  the  pitch  axis  and  the  roll  axis,  is  numbered 
from  0 degrees  to  360  degrees  in  a clockwise  direction  when  the  vehicle 
is  viewed  from  the  above.  The  nose-on  aspect  corresponds  to  0 degrees, 
tne  starboard  side  of  the  vehicle  corresponds  to  90  degrees,  and  the 
port  side  to  270  degrees.  The  pitch  plane,  which  contains  the  roll  axis 
and  the  yaw  axis  is  numbered  from  0 degrees  to  ^180  degrees;  the  +90  de- 
gree point  is  below  the  center  line,  and  the  -90  degree  point  is  above 
the  center  line.  The  roll  plane  contains  the  yaw  axis  and  the  pitch  axis. 

It  is  numbered  from  0 degrees  to  360  degrees,  and  the  numbers  increase 
in  a counterclockwise  direction  when  the  vehicle  is  viewed  from  the  rear. 

b.  Site  Reference 

As  previously  stated  the  coordinate  system  is  fixed  with  respect 
to  the  vehicle.  It  is  referenced  to  the  site  by  means  of  three  index  marks. 
The  exact  value  of  any  of  the  three  angles  is  determined  by  noting  the 
value  of  the  vehicle  coordinate  opposite  the  index  marks.  Index  marks 
come  from  such  devices  as  bubble  levels,  inclinometers  and  transits. 

As  illustrated  in  Figure  B-2,  tho  index  for  roll  angles  is 
normal  to  the  axis  of  rotation.  As  illustrated  in  Figure  B-3,  the  index 
for  pitch  angles  is  normal  to  the  axis  of  rotation  and  in  line  with  the 
apparent  source  of  radiation.  For  measurements  at  the  RAT  SCAT  Site,  tar- 
gets can  be  mounted  to  provide  desired  pitch  and  roll  angles. 

c.  Coordinate  System  Tilt 

For  small  targets  another  angle,  tilt,  can  be  utilized  in  re- 
cording useful  data.  This  angle,  equipment-limited  to  less  than  15  degrees, 
is  formed  by  the  axis  of  rotation  and  the  normal  to  the  line  of  sight  to 
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NOTE:  The  roll  scale  is  fixed  to  the  vehicle. 

The  amount  of  roll  is  determined  by 
noting  the  number  of  degrees  opposite 
the  index.  Clockwise  rotation  of 
the  target  (when  viewed  from  the  rear) 
increases  the  roll  angle. 


Figure  B-2  TARGET  ORIENTATION  - ROLL 
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the  apparent  source  of  radiation.  Since,  in  a ground  plane  range,  radia- 
tion can  be  considered  to  emanate  from  a point  with  zero  height  directly 
beneath  the  antennas,  a zero-degree  tilted  axis  of  rotation  is  slightly 
off  the  geometrical  vertical.  This  small  deviation  from  the  geometrical 
vertical  is  neglected  in  the  following  discussions. 


A target  mounted  with  a pitch  angle  other  than  zero  displaces 
the  yaw  axis  from  the  vertical,  but  not  the  axis  of  rotation.  The  axis 
of  rotation  is  displaced  from  the  vertical  only  when  non-zero  tilt  is 
employed.  Tilting  toward  the  radar  is  considered  positive  tilt  and  away 
from  the  radar  is  negative  tilt.  For  monostatic  measurements  tilt  will 
be  measured  in  the  vertical  plane  containing  the  line  of  sight  between 
the  radar  and  the  target.  The  difference  between  pitch  and  tilt  is 
shown  in  Figure  B-4. 


2.  DATA  FORMAT 

Data  recorders  obtain  azimuth  angle  information  by  means  of  pre- 
cision synchro  signals  from  the  position  of  the  rotating  table.  The 
line  of  sight  from  the  antennas  to  the  center  of  the  rotator,  as  illus- 
trated in  Figure  B-5,  indexes  azimuth  angles.  As  used  here  the  term 
aximuth  refers  to  the  position  of  the  target  rotator  table.  With  zero 
degrees  of  pitch  and  roll,  azimuth  and  yaw  are  identical.  It  is  standard 
practice  to  turn  the  rotator  in  a clockwise  (cw)  direction  as  viewed 
from  above.  Consequently,  the  aximuth  angle  varies,  for  example  from 
180  degrees  (tail-on)  to  90  degrees  (starboard-side)  to  0 degrees  (nose- 
on)  to  270  degrees  (port-side) . 

a.  Polar  and  Rectilinear  Plots 

Essential  information  pertinent  to  each  plot  is  contained  in 
the  information  block  located  in  the  upper  right  hand  corner  of  the  rec- 
tilinear plots  and  in  the  second  quadrant  of  the  polar  plots.  Each  rec- 
tilinear plot  has  the  recording  of  the  return  from  the  left  side  of  the 
vehicle  on  the  left  side  of  the  plot,  0 degrees  at  the  center,  and  the 
recording  of  the  return  from  the  right  side  of  the  vehicle  on  the  right  side 
of  the  plot;  180  degrees  (tail-on)  appears  at  the  right  and  left  extre- 
meties  of  the  plot,  as  shown  in  Figure  B-6.  Since  the  paper  moves  from 
left  to  right  under  the  recorder  pen,  it  should  be  noted  that  measure- 
ments are  limited  at  180  degrees  in  order  to  obtain  continuous  measure- 
ments on  the  recorder  paper.  The  table  on  the  polar  recorder  is  rotated 
in  the  same  directions  as  the  target  so  the  90  degree  point  appears 
on  the  right  side  of  the  polar  plot,  the  270  degree  point  on  the  left, 
and  the  zero  or  360  degree  point  at  the  top  of  the  plot. 
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Figure  B-4  COMPARISON  OF  PITCH  AND  TILT  ORIENTATIONS 
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NOTE: 


The  azimuth  scale  is  fixed  to  the  target 
rotator.  The  azimuth  value  is  determined 
by  noting  the  value  of  the  scale  opposite 
the  index  mark  as  the  rotator  and  scale 
revolve.  The  index  is  the  line-of-eight 
from  the  radar  antennas  to  the  center  of 
the  rotator.  (Azimuth  angle  data  are  trans- 
mitted to  the  data  recorders  by  means  of 
synchro  signals.)  The  standard  direction 
of  rotation  will  be  clockwise. 


Figure  B-S  TARGET  ORIENTATION  - AZIMUTH 
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Appendix  C 

DIGITAL  DATA  FORMATS  L,  M AND  N 


A.  General 

Digital  data  tapes  are  normally  9-track,  800  BP I in  one  of  three 
formats.  The  three  formats  are  similar  except  for  the  presence  or 
absence  of  a second  dependent  variable  which  is  either  phase  or  bi- 
static RCS  amplitude. 

Format  Type  Data 

L Azimuth  and  Monostatic  RCS 

M Azimuth,  Monostatic  RCS  and  Bistatic  RCS 

N Azimuth,  Monostatic  RCS  and  Phase 

(or  Glint) 

Tapes  are  written  in  BCD  Card  Image.  The  number  of  records  depends 
on  the  azimuth  increment. 

B.  File  Structure 

A tape  may  contain  several  runs.  Each  run  is  a File  and  is  followed 
by  an  end-of-file  mark.  Two  or  more  end-of-file  marks  are  placed  after 
the  last  run. 

A run  (file)  will  consist  of: 

1 . Standard  RAT  SCAT  header 
* 2.  Special  customer  specified  header 

3.  Data  files 

4.  End-of-file 

C.  Record  Structure 

1.  Standard  RAT  SCAT  header  (*ID  Record) 

FORMAT  (4(14,  4X),  24A2) 


Character 

Format 

Description 

1 - 4 

14 

Control  flumber 

5 - 8 

4X 

Blank 

9-12 

14 

Run  Number 

13  - 16 

4X 

Blank 

17-20 

14 

Bottom  Scale  1 

21  - 24 

4X 

Blank 

C-1 


Character 

Format 

Description 

25  - 28 

14 

Bottom  Scale  2 

29  - 32 

4X 

Blank 

33  - 80 

24A2 

Process  ID 

Example: 

7611  1234  -300  -200  RAT  SCAT  (in-house  information) 

* 2.  Special  customer  specified  header  - format  and  contents 

negotiable. 

3.  Data  Files 

a.  L Format 


(3(F7 .2 , F5.1X) , IX,  3(F7.2,  F5.1,  IX),  IX) 


Characters 

Item 

Format 

Value 

1 - 7 

Azimuth  (Degrees 

F7.2 

180.00 

8 - 12 

RCS  (dBsm) 

F5.1 

016.2 

14 

Blank 

IX 

15  - 21 

Azimuth 

F7.2 

179.99 

22  - 26 

RCS 

F5.1 

-15.3 

27 

Blank 

IX 

28  - 34 

Azimuth 

F7.2 

179.98 

35  - 39 

RCS 

F5.1 

-14.4 

40 

Blank 

IX 

41 

Blank 

IX 

42  - 48 

Azimuth 

F7.2 

179.97 

49  - 53 

RCS 

F5.1 

-13.5 

etc. 

i.  M format 

(4(F7.2, 

F5.1,  IX,  F5.1,  2X) ) 

Characters 

Item 

Format 

Value 

1 - 7 

Azimuth  (Degrees) 

F7.2 

180.00 

3 ••  13 

RCS  1 (dBsm) 

F5.1 

-15.1 

14 

Blank 

IX 

15  - 19 

RCS  2 (dBsm) 

F5.1 

-21.3 

20  - 21 

Blank 

2X 

Characters 

Item 

Format 

Value 

22  - 28 

Azimuth 

F7.2 

179.98 

29  - 33 

RCS  1 

F5.1 

-16.4 

etc. 

N Format 

(4(F7 .2, 

F5.1 , IX,  F5.0,  2X) ) 

Characters 

Item 

Format 

Val  ue 

1 - 7 

Azimuth  (Degrees) 

F7.2 

180.00 

8 - 13 

RCS  (dBsm) 

F5.1 

-16.4 

14 

Blank 

IX 

15  - 19 

Phase  (Degrees) 

F5.0 

+153. 

20  - 21 

Blank 

2X 

22  - 28 

Azimuth 

F7.2 

179.99 

29  - 33 

RCS 

F5.1 

-15.2 

34 

Blank 

IX 

35  - 29 

Phase 

F5.0 

+148. 

etc. 

Note:  Seven 

-track  tapes  of  200,  556 

or  800  BPI 

may  be  obtained 

upon  request. 

D.  Deviations 

Some  projects  will  require  special  formatting,  i.e.,  short  pulse, 
FFT  applications.  Applicable  addenda  to  this  appendix  will  be  published 
accordingly. 
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APPENDIX  D 


GLINT  MEASUREMENT 

Glint  is  the  apparent  cross-range  displacement  of  the  phase  center  of 
a radar  target.  The  apparent  displacement  is  derived  from  measurement  of 
the  phase  difference  across  a known  baseline  interpreted  with  respect  to  the 
constant  factors  of  baseline  length,  measurement  range,  and  wavelength 
at  the  measurement  frequency.  The  relationships  used  for  the  computation 
of  cross  range  deviation  from  the  boresight  axis  of  an  interferometer 
can  be  derived  from  the  geometry  associated  with  the  measurement,  system. 

The  RAT  SCAT  glint  measurement  system  geometry  is  illustrated  in  f igure  i, . 

The  relative  phase  of  the  signal  received  by  the  antenna  system 
is  proportional  to  the  distance  traversed  and  can  be  expressed  as  a 
function  of  the  direction  angle  3,  baseline  length  S,  and  range  r. 


For  Antenna  No.  1 the  phase  of  the  signal  received  is  proportional 
to  the  path  length 


+ ((f) 


2 + Sr  Cos  £ 


Similarly  fov  the  signal  at  Antenna  No.  2 


P2  «•  r2  + j 2 - Sr  Cos  ^ 

Expanding  by  the  binomial  theorem  and  truncating  terms  of  order  greater 
than  r--* 


= r S con  p + S_ 


JCOf - S3  COS  ft  S'„  4 


Subtracting 


P,  - P,  ■=  S cos  6 - S*  cos  3(1  -cos2  g) 

1 2 3r2 

or 

Cos  6 *=  P1  ~ p2  + S2  cos  3(l-cos2  3) 

~T~  1? 

For  S <<  r,  the  omraission  of  the  contribution  due  to  the  second  tern 
in  the  expression  for  cos  3 produces  a negligible  error  and  consequently 
can  be  ignored  and 

cos  3 “ P1  ~ p2 
S 


ii 


where 

- P2  is  the  phase  difference  at  the  receiving  antennas 
S is  tha  baseline  length  in  degrees  at  the  measurement  frequency 

The  cross  range  displacement  can  be  determined  from  the  expression 

1)  e R cotan  3 

or  rewritten  in  terms  of  cos  3 

D = 

(1  - COS2  C)'2 

For  a cross  range  displacement  of  50  feet,  the  contribution  of  the 
factor  (1  _ cos^lT)'  2 is  less  tlian  feet  ancJ  for  case  o£  D <<:  p'> 

D “ R cos  P 

In  terms  of  tha  measurement  system  parameters  the  apparent  cross  range 
displacement  (D)  due  to  target  glint  can  be  expressed  as 

D = 

360S 

where 

= phase  difference  in  degrees 
R = measurement  range 

X c wavelength  at  the  measurement  frequency 
S •»  physical  baseline  length. 
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Figure  D-l.  RAT  SCAT  Glint  Measurement  Geometry 
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